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Abstract 

Background: Endophytes are symbiotic microorganisms that reside in their hosts. 

Phytochemnicals of endophytes have generated significant interestin drug discovery 
Article Info dueto their potentials towards the duddation of new biologically activemolecules. 

Objectives: Thestudy wasaimed to evaluatethe antimalarial potentials and toxidty 
Volume 2, Issue 2, September 2022 | profile of endophytic extracts of A. indica leaves. Method: Endophytic extract was 
Received : 19 May 2022 isolated from Azadirachta indica leaves using standard extraction protocols. The 
Accepted : 12 August 2022 extract was screened for its potential antimalarial activities using Peter’s curative 
Published : 05 September 2022 test method, acute (LD50) and chronic toxicity. The chronic toxicity was assessed 
by evaluating the effect of extracts on the following parameters: AST, ALP, ALT, 
BUN, creatinine levels, PCV, HB, and RBC. The endophytic extract was subjected 
to prophylactic antimalarial assay using Peter’s prophylactic test method, and 
ED50 was determined. Results: The endophytic extract screened for antimalarial 
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activity showed significant activity (p<0.05). At 150 mg/ kg/ day, the extract 
displayed a dose-dependent parasitemia dearance of Plasmodium bergha by 89% 
and suppressed parasitemia with ED50 of 333.33 mg/ kg. The LD50was >5000 mg/ 
kg and showed no evidence of hepatotoxicity, nephrotoxicity, and haematotoxicity. 
Conclusion: Endophytic extract of A. indica have potent antimalarial activity with 
no hepatotoxidty, nephrotoxicity, and haematotoxicity. 
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1. Introduction 


Endophytes are symbiotic microorganisms (often fungi and bacteria) present in thehost plant material, either 
intracellular or intercellularly (David e al., 2020). Phytochemicals of endophytes havegenerated significant 
interest in drug discovery programs dueto their immense potential to contribute to the ducidation of new and 
unique biologically active molecules, especially secondary metabolites (Quang et al., 2020). A .indica isused 
traditionally in the management of several ailments (Debjit et al., 2010). A. indica iscommonly known asthe 
neem plant. Neem has been reported to show anti-fungal (Debdjit et al., 2010), anti-bacterial (Adamu é al., 
2019), and antimalarial properties (N gozi et al., 2018; Carolinaet al., 2020). M etabolites of fungal endophytes 
which were isolated from medicinal plants possess different bioactivities and structures. H ence, they are 
good sources of novel secondary metabolites that arelinked to their therapeutic activities (Sharma ¢€ al., 2016; 
Chutulo et al., 2018; Yu et al., 2010). Endophytic fungi interaction within thehost plant, their pharmacological 
activities, and their biological activities has been positively associated (Gianluca et al., 2020). In other words, 
host plant isolates (extracts) and their endophytic extract have shown similar bioactivities. This study was 
aimed to evaluatethe antimalarial potentials and toxicity profileof the endophytic extracts isolated fromA. 
indica leaves (Figure 1). 


Figure 1: Leaves and Seeds of Azadirachta indica 


2. Methods 


2.1, Plant Collection and Authentication 

Fresh leaves of A. indica werecollected from their natural habitat at the Faculty of Pharmaceéutical Science. The 
plant wasidentified at theDepartment of Pharmacognosy and Traditional M edicine, Faculty of Pharmaceutical 
Sciénces, Nnamdi Azikiwe University, Awkawith a herbarium number: PCG474/ A/ 054. 


2.2. Animals 

Healthy Swiss albino mice weighing between 25-30 g, aged 7-8 weeks were used for the analysis. The test 
animals were gotten fromthe Pharmacology and Toxicology Department, Faculty of Pharmacéutical Sciences, 
Nnamdi Azikiwe University, Awka, housed in standard working laboratory conditions of 12h light, at room 
temperature, 40-60% relativehumidity, and were fed with rodent feed obtained from Guinea Feeds Nigeria 
Ltd. Theanimals wereallowéd freeaccéss to fodd and water. All animal experiments were conductéd following 
the recommendations from theN ational Institute of H ealth (NIH ) guidelines (A jaghaku et al., 2016). 


2.3. Parasite 


The parasite, Plasmodium berghei used for the study, was gotten from the Department of Pharmaceutics, 
University of NigeriaN sukka, Enugu State; and authenticated by a parasitologist institution. 
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2.4.1 solation Procedure 


Theplant leaves werethoroughly rinsed using sterile water to remove debrisin thelaboratory before being 
disinfected by immersion using 70% ethanol for 3min and 2% sodium hypochlorite for 2 min. This was done 
to achieve surfacesterilization and isolation. Theisolation procedures reported by Arnold e al. werestrictly 
followed (Arnold e& al., 2000) with mild modifications. Then, they wererinsed with sterile distilled water and 
blotted dry on sterile blotting paper in alamina flow cabinet. A sterilescalpel was used to cut the leaf blade 
and mid-rib approximately 1 cm in length. 


2.5. Endophyte Fermentation and Extraction of M etabolites 


Theendophyteisolated was subjected to solid-state fermentation in 1L Erlenmeyer flask containing sterilized 
rice medium which was prepared by autoclaving a mixtureof 100g of unpolished rice and 200 mL of distilled 
water. After cooling, blocks of actively growing pure fungal isolates were transferred onto the rice media 
under aseptic conditions, plugged with cotton wool and foil, and left on the fermentation shelf for 21 days. 
After fermentation, the fungal secondary metabolites were extracted with ethyl acetate, and flasks were left 
undisturbed for about 48h with intermittent agitation. Rotary evaporator was used to concentrate the extract 
filtrates, at aspeed of 7 rpmand at 50°C. The filtrates were used for the biological assay. 


2.6. Acute Toxicity Test 


A total of micegrouped into eight groups 1-8in two phases (n =4), wereused to evaluatetheacute toxicity of 
the endophyte extracts. Phase 1 was made up of groups 1-4 while phase two was made up of groups 5-8. 
Group 2, 3, 4, 5, 6, 7 and 8 received 100 mgq/ kg, 500 mg/ kg, 1000 mg/ kg, 2000 mg/ kg, 3000 mg/ kg, 
4000 mg/ kg, and 5000 mg/ kg of endophyte extract respectively whileGroup 1 received 10 mL of distilled 
water as acontrol. Distilled water was used to dissolvethe extracts prior orally administration to the various 
animal groups after an overnight fast. Test animals were constantly monitored for 2h, intermittently for the 
next 6h, and after 24h for behavioral changes and mortality. Theanimals were left for more 14 daysin order 
to observeany delayed signs or symptoms of acute or chronic toxicity (Lorke, 1983). 


2.7. Antimalarial Assay 


2.7.1. Prophylactic Assay 


Evaluation of the chemoprophylactic potential of Curvularialunata extract was performed accordancewith 
Peters (1975) (with some modifications). Grouped mice (5 mice per group) were administered 100 mg 
sulfadoxine-pyrimethamine (SP), 250 mg/ kg and 500 mg/ kg of MR3 endophytic extract daily for four 
consecutive days (day 0-3) whilethenegative control (untreated control) mice weregiven 10 mL/ kg of distilled 
water. Mice (test animals) were injected with Plasmodium berghei parasitized erythrocytes in a way that it 
cont ins 1x10’ of parasitized cells. After 72h of inoculation, serum (blood) samples were obtained fromthe 
animals through the vein to make a thin film, fixed and stained using 10% Giemsa stain. The slides were 
observed under microscopeusing the X10 objectivemagnification to determinethelevd of parasitesuppression 
and calculate percentage suppression, thus: 


%P arasitemiaN egativeControl —%Parasitemia Treatement Groups 


%Suppression = 
- %Parasitemiain N egativeControl 


2.8. Curative Assay 


Antimalarial curative study of the endophytic extract was performed in accordance Peters (1975) method 
with some modifications (Peters, 1975). In this modd of study, atotal of 55 micewereused. They weregrouped 
into 11 groups of five mice per group. Blood was collected from donor mouse infected with the parasite 
(P. berghei) by oculus punctureand was diluted with normal salinesuch that 0.2 mL contains approximately 
1x10’ infected red cells. All the animals in each group were infected with the parasite by intraperitoneal 
administration of 0.2 mL of thediluted blood and wereléft for 72h for theinféction to occur. A fter infection, the 
animals started receiving treatment according to their respective doses. A rtémisinin Combination Therapy 
(ACT) at 9.8 mg/ kg was used as the positive control. A thin blodd film was prepared from the tail, blood 
stained with Giemsa stain and was examined for parasitemia on day 4.and day 7 post-treatment respectively. 
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Number of Parasitized Red Blood Cds 


%Parasitenia = 
° Total Number of RBCs Count x 100 


2.9. Chronic Toxicity Assay 


2.9.1. Sub-Acute (30-Days) Toxicity Studies 

Albino rats (15) were randomly divided into three groups of five rats per group. The extract was orally 
administered at doses of 200 mg/ kg and 400 mg/ kg to groups land 2 respectively oncedaily for 30days. The 
control group (3) received 5 mL/ kg of 5% tween 80. Collection of blood samples from test animals was 
through retro-orbital plexus on day 0 beforethe commencement of treatment and day 31 after treatment. Pre 
treatment and post-treatment body weights wererecorded. Theblood samples wereallowed to coagulate for 
30 min and serum was separated by centrifuging at 3000 rom for 10 min and was used for the analysis of 
biochemical liver markers—A lanineA minotransferase(A LT), A spartaté aminotransferase (A ST), and Alkaline 
phosphatase (A LP); kidney markers—urea, creatinine, sodium, chlorideand bicarbonateions. Mindray Auto 
analyzer was used for kidney and liver function tests. 


2.10. Kidney Function Test 


2.10.1. Blood U rea Nitrogen (BU N ) test 

BUN Enzyme reagent (1.5 mL containing 10000 —/ | Urease, 6.0 mmol/ | Sodium Salicylate, 3.2 mmol/ | 
sodium nitroprusside) was added to 10ul of the test (serum), Standard (20 mg/ dL) and Blank (distilled 
water) followed by incubation for 5 min at 37 °C. At the timed interval, 1.5 mL of BUN color developer 
(6mmol/ L of sodium hypochlorite and 130 mmol/ | sodium hydroxide) was added to each of the labeled 
tubes and was incubated for another 5 min at 37°C. The absorbance of thetests and Standards weremeasured 
spectrophotometrically at 630 nm against a blank (Tietz, 1976). 


Urea nitrogen concentration (mg/ dL) is calculated as follows: 


Absorbanceof Test 
TheA bsorabance of Standard x Concentration of Standard 


2.11. Serum Creatinine 

Creatinineworking reagent was prepared by combining equal volumes of 10mM picric acid and creatinine 
buffer reagent (10 mM sodium borateand 240nM sodium hydroxide). The creatinine buffer reagent (3 mL) 
was added to labeled test tubes (test, blank and standard) to which 100 uL of serum (test), 5 mg/ dL of 
Creatinine (Standard), and distilled water (blank) were added and mixed. The tubes wereincubated at 37°C 
for 15 min and the absorbance was measured spectrophotometrically at 520nm against test blank (Morgan 
et al., 2019). 


The concentration of creatinine(mg/ dL) was then determined using the formulae: 


Absorbance of Test 
TheA bsorabance of Standard x Concentration of Standard 


2.12. Liver Function Test 


Blood samples collected with plain tubes were allowed for 30minutes to clot before they were centrifuged at 
3000 rpm for 10 min. Theserum (supernatant) was separated into an Eppendorf tube. 


2.13, Quantitative D etermination of Alanine Aminotransferase (ALT) 


Serum alanine aminotransferase concentration was monitored using a RAN DOX kit. The enzyme activity 
was monitored by the concentration of pyruvatehydrazineformed with 2,4-dinitrophenylhydrazine. Mixture 
of 200 mmol/ L L-alanine, a-oxoglutarate (2.0 mmol/ L) and phosphate buffer (100 mmol/ L) (0.5 mL) was 
added to 0.1mL of each sample and blank (distilled water). They were mixed and incubated in a water bath 
at 37 °C for exactly 30 min (Reitman and Frankel, 1957). 
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2.14, Q uantitative D etermination of Aminotransferase (AST) 


Serum aspartate aminotransferase concentration was monitored using aRAN DOX kit. The enzyme activity 
was monitored by the concentration of oxaloacetate hydrazine formed with 2,4-dinitrophenylhydrazine 
Mixture of L-aspartate (100 mmol/ I), «-oxoglutarate (2.0 mmol/L) and phosphate buffer (100 mmol/ L) 
(0.5 mL) was added to 0.1 mL of each sample blank (containing distilled water). They were mixed and 
incubated at 37°C for exactly 30 min in awater bath. Thereafter, 0.5 mL of 2,4-dinitrophenylhydrazinewas 
added into thesampleand blank test tubes and incubated again at room temperature for 20 min. 5 mL NaOH 
was added to all thetest tubes and theabsorbanceof thesampleread at 546nm using aUV spectrophotometer. 
TheAST concentration was extrapolated from a graph of concentration against absorbance of known AST 
concentrations (Reitman and Frankel, 1957). 


2.15. Quantitative D etéermination of Alkaliné Phosphatase (ALP ) 


Serum alkaline phosphatase concentration was monitored using TECO DIAGNOSTIC kit. The principle of 
thetest is based on alkaline solution mediated bluechromogen formation upon thereaction of the enzyme 
with buffered sodium thymolphthalein monophosphate. Alkaline phosphatase substrate (3.6 mM sodium 
thymolpthalein monophosphatein 0.2 M 2-amino-2-methyl-1-propanol buffer, 0.5 mL) was dispensed into a 
sample and blank labeled test tubes and equilibrated to 37 °C for 3 min. Thereafter, 0.05 mL of standard 
(Thymolphthalein in 0.5 mM/ L n-propanol), control (deionized water), and samples were added to their 
respective test tubes. The mixture was incubated for 10 min at 37°C. Alkaline phosphate color developer (0.1 
M sodium hydroxideand 0.1M sodium carbonate, 2.5 mL) was added and thesampleabsorbance read at 590 
nmusing aUV spectrophotometer (Reitman and Frankel, 1957). 


Calculation of ALP concentration was done using the formulae below: 


Absorbanceof Unknown 
TheA bsorabance of Standard x Standard (IU/ L) 


2.16. Statistical Analysis 


Data wereanalyzed using Statistical Packagefor Social Sciences (SPSS Version 23). Theresults wereexpressed 
as mean +SD. Thehematological parameters and antimalarial curative analysis weredoneusing GraphPad 
Prism (Version 3.10) (GraphPad Prism software, Inc., US. whilethe kidney function test (creatine and urea), 
liver function test (ALT, AST, and ALP), and electrolyte balance were doneusing theone-way ANOVA). The 
results are presented as the mean +standard error of themean (SEM ). The differences between means of the 


Table 1: Identity of the Endophytes Fungi Isolated from the Leaves of A. indica 


Plant Source Plant Parts Fungi Codes Identification Codes References 

A. indica Leaf MR3 Curvularia lunata | Dothideomycetes| (Frisvad and Samson, 
2004; Chemical book.com, 
2020) 


Table 2: Antiplasmodial Prophylactic Effect of the Extract 


Group % Suppression Mean + SEM 
10mL/Kg Dist H,O 0 25.0 +1.01 

100 mg/kg SP 91.32 2.17+ 0.22** 
250 mg/kg extract 51.60 12.1 + 1.23 
500 mg/kg extract 46.80 13.3 +0.90** 


Note: Values are expressed as mean + Standard *p <0.01, **extremely significant. 
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measured parameters were compared using one-way ANOVA. Thep values <0.05 at 95% confidencewere 


regarded as statistically significant. 


3. Results 
Theresults obtained from the research are presented in tables and figures below: 


Table 3: Multiple Comparison of Positive Control and Extracts 


Multiple Comparison | p-value | Level of Significance 
100 mg/ kg SP Vs 250 mg/ kg extract | eK | p<0.01> 
100 mg/ kg SP Vs 500 mg/ kg extract | sa | p<0.01> 


Note: Values are expressed as mean + Standard *p <0.01, *Extremely significant. 
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Figure 3a: Antiplasmodial Prophylactic Effect of Extract 
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Figure 3b: Effective D ose Concentration (Ed50) of the Extract 
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Figure 4: Percentage Parasite Clearance 
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Figure 5a: Effects of Extract on Liver Biomarkers 
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Figure 5c: H eamalogical Effect of the Extract 


Plate 1- 3: Kidney histology sections of albino rats treated orally with different concentrations of the extract 
(H &E-x 400). 


Plate 1: Shows Thick Glomeruli with Normal Vascularity. Collecting Tubules (CT) and Proximal 
Convoluted Tubule (PCT) are Normal. Histoarchitecture not Affected 
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Plate 2: Shows Distal Collecting Tubules with Normal Architecture (CT), and the Interstitial Tissues 
Show Few Lymphocytes (RX). Histoarchitecture not Affected 


Plate 3: Shows Thick Glomeruli With Normal Vascularity (G ), Collecting Tubules (PCT) And Proximal 
Convoluted Tubule Are Normal (CT). Histoarchitecture N ot Affected 


Plate 4: Normal architecture, showing central vein (CV), Kupffer cells (KC), and the hepatocytes are 
arranged in a regular manner. Histoarchitecture not affected 
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Plate 5: Normal Architecture, Showing Central Vein (CV), and the Hepatocytes (HC) Well Arranged in a 
Regular M anner. Histoarchitecture Slightly Affected 


Plate 6: Showing Normal Architecture of Central Vein (CV) and Portal Trait (PT) Appears Normal. 
Histoarchitecture N ot Affected 


Plate 4-6: Liver histology sections of albino rats treated orally treated with different concentrations of the 
extract (H &E-x400). 


4. Discussion 


Antimalarial potentials and toxicity profile of endophytic extracts isolated from Azadirachta indica leaves 
were, successfully conducted using Peter’s curativetest method. Thetoxicity profilewas also evaluated from 
themost promising extracts was selected for further investigations including acute(LD50) and chronictoxicity 
testing. Theresult of acutetoxicity study in micerevealed no lethality or toxic reaction at any of theadministered 
doses between 100 mg/ kg and 5000 mg/ kg. There were no signs of injury, salivation, body weakness or 
stretching, paw licking, respiratory distress, coma, and mortality in thefirst three hours and subsequently. 
This indicates that the extract has a wide therapeutic window, compared to other natural products. 
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Chemoprophylactic results (Table 2) showed that the extract possessed significant chemoprophylactic activity 
at the doses of 250 and 500 mq/ kg, respectively (p<0.05). Though, avery significant reduction was found in 
the 100 mg/ kg SP treatment of the extract. The mean comparison of the positive control (SP) and the doses of 
the endophytic extracts used showed very significant suppression of parasitemia (Table 3). The median 
effectivedose (ED50) concentration was calculated at 333.33 mg/ kg shown in Figures 3a and 3b. Plasmodium 
berghei was used as the test parasite. Curative antimalarial activity of extracts against Plasmodium berghe 
(Figure 4) showed that endophyte extract treatment resulted in a significant (p<0.05) reduction in parasitemia, 
with parasiteclearance of 88.06% and 89.23% at doses of 50 and 150 mq/ kg, respectively. TheA CT-treated 
group showed a significant (p<0.05) reduction of parasitemia with 85.11% parasite clearance. The chronic 
toxicity assay of the endophyte extract was seen to be well-tolerated by test animals over theadministration of 
30 days. Chronic administration of 2000 mg/ kg of the extract did not result in any overt signs of toxicity- 
hepatotoxicity (indicated by AST and ALT), nephrotoxicity (indicated by BUN and creatinine) (Figure 5a, 5b, 
and 5c and plate 1- 6). 


5. Conclusion 

Among the fiveendophytic extracts screened for antimalarial activities, MR3 showed thehighest activity. The 
extract displayed a dose-dependent parasitemia clearance of Plasmodium berghei at 150 mg/ kg/ day, by 
89%. The endophyte was identified as Curvularia lunata. The LD50 was >5000 mq/ kg and showed no 
evidence of hepatotoxicity, nephrotoxicity, and haematotoxicity in test animals. Therefore, fromtheresults 
obtained, the endophytic extracts of A. indica have potent antimalarial and antimalarial activities with no 
organ damage properties. 
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